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CARDIOVASCULAR EFFECTS OF UNDERNUTRITION AND 
STARVATION 


There is a widespread belief, supported by the 
textbooks of physiology and cardiology, that the 
heart is resistant to undernutrition and, unlike other 
tissues of the body, does not undergo important de- 
generation or functional changes in starvation. The 
prevalence of this erroneous concept may explain the 
fact that, except in beriberi, cardiologic research and 
practice has shown a remarkable indifference to 
questions of nutritional status. 


Both acute and prolonged undernutrition produce 
a reduction in the size of the heart which is com- 
parable, relatively, to the loss of weight of the body 
as a whole. In general, a loss of 30 per cent in body 
weight is associated with a loss of about 20 per cent 
in heart weight. All parts of the heart share in this 
loss; the reduction in epicardial fat is most striking 
but accounts for only a small proportion of the 
change. The musculature of the several chambers 
seems to be equally affected, Microscopically, the 
starved heart shows at first only a reduction in the 
size of the fibers but as starvation progresses the 
signs of degeneration multiply. Fatty degeneration 
sometimes occurs but brown atrophy is more com- 
mon. Cytologic changes include “cloudy swelling,” 
loss of striations and vacuolization. 


The most obvious functional change in the starved 
heart is in its rate. In the absence of other disturb- 
ances, bradycardia is universal under ordinary con- 
ditions and even during and after exercise there is 
often relative bradycardia. The resting heart rate is 
commonly less than 50 and may be less than 80 beats 
per minute. The pulse is extraordinarily regular and 
respiratory arrhythmia is depressed or abolished. 
Concurrent disease or injury increases the heart rate 
of the starved person but to a lesser degree than 
would otherwise obtain, and this fact should be noted 
in dealing with cachectic persons. After years of 
severe undernutrition, and in the terminal state of 
starvation, the heart rate may increase. The greatest 


bradycardia occurs in the first months of semistarva- 
tion. 

The electrocardiogram shown many changes in the 
starved man; the most marked is reduced voltage of 
all deflections (P, QRS, T). The duration of systole, 
estimated both from the electrocardiogram and from 
the heart sounds, is prolonged but not so much as is 
diastole. The P-R interval is relatively unchanged 
and there is no sign of disordered conduction. There 
is a significant right axis deviation but this may be, 
output is relatively greater than the change in the 
metabolic rate. The mixed venous blood is abnor- 
mally low in oxygen. The moderate deficiency of the 
peripheral circulation is evident from prolonged cir- 
culation time, pallor (which is out of proportion to 
the degree of anemia), persistent slight cyanosis of 
the nail beds, and cold skin. The sensation of cold is 
an outstanding complaint of severely undernour- 
ished persons. 


Except in complicated or terminal instances, star- 
vation produces remarkably little dyspnea and com- 
plaints of palpitation or precordial pain are rare, 
even on exercise. On exercise, collapse usually comes 
about quickly from general muscular weakness so 
that the cardiovascular limitation is not evident 
though this is strikingly shown by measurement of 
the maximal oxygen consumption (transport) in 
exercise; the latter may be reduced by 50 to 80 per 
cent in a person who is 20 per cent underweight. 


Giddiness on rising suddenly is a frequent com- 
plaint, and syncope while standing in line is a rather 
common objective sign of circulatory defect in starv- 
ing persons. Curiously, ordinary posture tests, such 
as the Crampton test, are tolerated by these persons 
as well or better than by well-nourished persons. 


Edema is generally present in severely under- 
nourished persons, although it is not always clini- 
cally apparent. There is a relative increase in the 


thousand people. 


ANNUAL MEETING, JUNE 3-4, 1949 
The next annual meeting of the American Heart Association will take place at the Chalfonte-Haddon 
Hall, Atlantic City, New Jersey, on June 3 and 4, 1949. All members desiring to make room reserva- 
tions are urged to write directly to the Hotel, at the earliest possible date, stating exactly the type of 
accommodation desired and a definite arrival and departure date. 
The Scientific Sessions will be held in the Vernon and Garden Rooms, which will accommodate one 
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extracellular fluid space and the plasma volume per 
unit of body weight is elevated. The circulatory sys- 
tem cannot be easily incriminated in the pathogene- 
sis of this edema since the venous pressure is low. 
The permeability of the capillaries does not appear 
to increase; the latter is indicated by an extremely 
low concentration of protein in the tissue fluid. 


In the nutritional rehabilitation of undernourished 
people the heart and circulation do not return toward 
normal along a simple recovery pathway. The pulse 
rate increases more rapidly than the blood pressure 
and, if food is given abundantly, there may be re- 
lative tachycardia and more obvious signs of car- 
diac incompetence than in starvation itself. The 
venous pressure may surpass the pre-starvation 
normal. Frank cardiac failure may supervene with 
dyspnea, tachycardia, dilatation and a return of 
edema, the latter being on a different basis than in 
starvation. 


In previously normal young adults slowly starved 
to the extent represented by a loss of 20 to 30 per 
at least in part, a result of the shift in the anatomic 
axis of the heart. The latter change regularly occurs 
and presumably reflects the decreased bulk of all 
viscera, including the heart. 


The arterial blood pressure falls in starvation, the 
systolic pressure being more affected than the dias- 
tolic pressure so that the pulse pressure may de- 
crease 30 per cent or more. There is some indication 
that the decline in arterial pressure is largest in per- 
sons who previously had hypertension. The venous 
pressure also falls and is often less than half the 
normal value, 


As would be expected from the foregoing, the car- 
diac output per beat, and especially per minute, is 
decreased in starvation. The metabolic rate of the 
starved person is also low but the change in cardiac 
cent of the body weight, optimal nutrition and gen- 
eral care fully restore the cardiocirculatory func- 
tions to their pre-starvation level in six to eight 


months. So far as can be seen at present, restoration 
takes less time in children and is much prolonged 
in older people. 


The effects of severe caloric restriction on the 
status of persons with cardiovascular disease have 
been little studied but statistics from famine areas 
in the recent war indicate that, in general, semi- 
starvation does not make their state worse and may 
be beneficial. It has been said that in Leningrad, for 
example, the famine resulting from the siege of 
1941-1942 was associated with a great decline in 
coronary and hypertensive deaths although the car- 
diovascular population of the hospitals was little 
changed. It may well be that the reputed rarity of 
hypertension in the orient is related to habitual 
undernutrition. 


On the other hand, refeeding of severely under- 
nourished people is sometimes attended with re- 
markable cardiovascular sequelae. Besides the cases 
of congestive failure resulting from overzealous at- 
tempts at refeeding, hypertension has been found 
to develop in some semistarved groups after a few 
weeks or months of refeeding. This supposedly 
occurred on a large scale in Leningrad in 1942-1948; 
there was a virtual epidemic of severe hypertension 
which in 1943 was responsible for half of the hospi- 
tal admissions. 


Obviously, the relation of nutritional status to 
cardiovascular function and disease has been long 
neglected. The widespread famines produced by 
World War II have forced attention to a few of these 
questions. It should be realized, however, that under- 
nutrition occurs in normal times and that, in fact, a 
large proportion of seriously ill patients are semi- 
starved. The results of alteration in the caloric 
nutritional status have much relevance to ordinary 
cardiovascular problems in the United States. 


Ancel Keys, Ph.D. 
Minneapolis, Minnesota 
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